Context. The ground-based campaigns on δ Sct stars revealed richer and richer frequency spectra of these opacity-driven pulsators, thanks to continuous improvements in their exploitation. It has also been suggested that the detection of a wealth of very low amplitude modes was only a matter of signal-to-noise ratio. Access to this treasure, impossible from the ground, is one of the scientific aims of the space mission CoRoT. Aims. This work presents the results obtained on HD 50844, the only δ Sct star observed in the CoRoT Initial Run (57.6 d). The aim of these CoRoT observations was to investigate and characterize for the first time the pulsational behaviour of a δ Sct star, when observed at a level of precision and with a much better duty cycle than from the ground. Methods. The 140,016 datapoints were analysed using independent approaches (SigSpec software and different iterative sine-wave fittings) and several checks performed (splitting of the timeseries in different subsets, investigation of the residual light curves and spectra). A level of 10 −5 mag was reached in the amplitude spectra of the CoRoT timeseries. The space monitoring was complemented by ground-based high-resolution spectroscopy, which allowed the mode identification of 30 terms. Results. The frequency analysis of the CoRoT timeseries revealed hundreds of terms in the frequency range 0-30 d −1 . All the crosschecks confirmed this new result. The initial guess that δ Sct stars have a very rich frequency content is confirmed. The spectroscopic mode identification gives theoretical support since very high-degree modes (up to ℓ=14) are identified. We also prove that cancellation effects are not sufficient in removing the flux variations associated to these modes at the noise level of the CoRoT measurements. The ground-based observations indicate that HD 50844 is an evolved star that is slightly underabundant in heavy elements, located on the Terminal Age Main Sequence. Probably due to this unfavourable evolutionary status, no clear regular distribution is observed in the frequency set. The predominant term ( f 1 =6.92 d −1 ) has been identified as the fundamental radial mode combining ground-based photometric and spectroscopic data. Conclusions. The CoRoT scientific programme contains other δ Sct stars, with different evolutionary statuses. The very rich and dense frequency spectrum discovered in the light curve of HD 50844 is the starting point for future investigations.
Introduction
A huge effort has been made in the past decades to observe δ Sct stars from the ground. These opacity-driven pulsators show many excited modes with amplitudes that can be reached by photometry from the ground. After several results obtained by different teams performing single-site observations (Poretti, 2000) , the most promising targets have been monitored by means of multisite campaigns, mainly in the framework of the Delta Scuti Network (Breger, 2000) and of the STEPHI network (Michel et al., 2000) . The most observed δ Sct star from the ground is FG Vir: 75 frequencies have been detected with amplitudes down to 0.2 mmag thanks to a multisite monitoring spanning several years . The first δ Sct star monitored from space was θ 2 Tauri, with the WIRE satellite (Poretti et al., 2002) . WIRE data, collected in only 19 days, increased the number of the known frequencies from 5 to 12. More recently, the Canadian Space Agency mission MOST detected in the light curve of the δ Sct star HD 209775 (Matthews, 2007) roughly the same number of frequencies as in FG Vir. The MOST observations, concentrated in two runs lasting 14 and 44 days and separated by about 1 year, gives a taste of the new horizons that can be opened by a space mission, which monitors δ Sct stars in a continuous way for several months at a time.
The asteroseismologic scientific case of the CoRoT (COnvection, ROtation and planetary Transits) space mission gives such an opportunity for long-term monitoring of the same field Michel et al., 2006; Catala et al., 2006) . Auvergne et al. (2009) describe the CoRoT in-flight performances. Some preparatory work has been undertaken to identify potentially interesting targets in the selected observing zones and, among them, several δ Scuti stars have been proposed (Poretti et al., 2003 (Poretti et al., , 2005 . After the successful launch in December 2006 and the in-orbit calibrations, CoRoT observed its first field in February and March, 2007, i.e ., the first Initial Run (IR01). One of the new δ Sct stars discovered in the preparatory work, HD 50844, was among the 10 asteroseismologic targets of the IR01. It is a slightly evolved star, close to the Terminal Age Main Sequence. The physical parameters derived from Strömgren photometry are M V =1.31, T eff =7500 K, log g=3.6, and [Fe/H]=-0.4 dex (Poretti et al., 2005) . In this paper we review our understanding of δ Sct stars and unveil a new "look" of their frequency spectra, thanks to the intensive CoRoT monitoring. We also try to answer some open questions on mode excitation in the pulsators located in the lower part of the instability strip. To give as complete as possible answers, we also obtained high-resolution spectroscopy and multicolour photometry from ground. In particular, the study of line profile variations is a complementary approach, and essential for the identification of the excited modes.
The CoRoT data
The IR01 started on February 2 nd , 2007 and finished on March 31 st , 2007 (∆T=57.61 d) . The exposure time in the CoRoT asteroseismology channel is 1 sec. For the analysis, we used the reduced N2 data rebinned at 32 sec and we only considered the 140,016 datapoints for which no problem (i.e., flag=0) were reported. The amplitudes of the background orbital variations are kept at a very small level by the great effectiveness of the baffle (Auvergne et al., 2009) . The subsequent rejection of the uncertain points strongly minimized the orbital effects. The light curve was detrended with a linear fit to remove the effect of ageing (Auvergne et al., 2009 ). The 32-sec time binning provided an oversampling of the light curve coverage. Therefore, to gain in CPU time and to reduce the noise level, we grouped the original data into new bins of four consecutive measurements, thus obtaining 32,433 datapoints.
The spectral window is shown in Fig. 1 . The rejection of the flagged points resulted in a slight enhancement of the amplitude of the orbital frequency, since the bad measurements occurred mostly when the satellite crossed the South Atlantic Anomaly (SAA). This crossing occurred twice in a sidereal day and gave rise to an additional alias peak. In the 0-50 d −1 interval, there are four structures in the spectral window. The first is composed of a peak at 2.006 d −1 (4% of the amplitude) and of a lower one at 4.007 d −1 (0.7% of the amplitude). The sec- Several approaches were used to process the CoRoT data, e.g., Period04 (Lenz & Breger, 2005) , iterative sine-wave fitting (Vaníček, 1971) and SigSpec (Reegen, 2007) . Moreover, we refined the classical fitting proposed by Vaníček (1971) for the analysis of the CoRoT data on classical pulsators with a Levenberg-Marquardt algorithm. It uses the frequency domain as a first guess for the fitting of sinusoids in the time domain (Lefèvre & Chené, 2009 ).
Although small differences in the values of the detected frequencies have been found (see Sect. 3), the main results described here are independent from the approach used. The presence of the predominant term suggested in the preparatory work, based only on ground-based data ( f 1 =6.92 d −1 , see Fig. 5 in Poretti et al., 2005) , has been immediately confirmed. The alias structures of this term (e.g., f 1 + f s =20.89, f 1 + 2 f s =34.86, and f 1 + 3 f s =48.83 d −1 ) are visible in the amplitude spectrum of the original data (Fig. 1, middle panel) . Both methods were very effective in removing the alias structures together with the real peak; actually, no relevant term is found at the alias frequencies of f 1 . Taking the excellent quality of the N2 data into account, there is little influence of the satellite's orbital period on the detected frequencies; in particular, those specifically discussed in the paper are free of any aliasing or orbital effect. 
The frequency content of the CoRoT data
To have a reference frame for interpreting of the results for HD 50844 (A2, V=9.09), we also considered the data of HD 292790 (F8, V=9.48), which was observed by CoRoT in the same IR01. Our frequency analysis shows that the luminosity of HD 292790 is modulated by the rotation in a simple way. The amplitude spectrum shows the rotational frequency, its harmonics and the satellite frequencies (Fig. 3, top panel) . For most part of the spectrum, i.e., from 10 to 100 d −1 , the noise level is distributed in an uniform way and is very low, namely below 0.01 mmag. For f < 5 d −1 , where the modulation terms and the long term drift are concentrated, the noise level increases slightly increases.
In contrast, the amplitude spectrum of HD 50844 appears to be very dense (Fig. 1 , middle panel, and, in a more striking way, Fig. 3, second panel) . At first glance, it is clear that the amplitude spectrum of HD 50844 is only for f > 50 d −1 as flat as that of HD 292790. We can calculate a noise amplitude of 7.5 × 10 −6 mag. It is straightforward to deduce that the signal is concentrated in the f < 30 d −1 domain, though there is no predominant peak region after identification of 250 frequencies (residual rms 1.2 mmag). At that point, the average peak height (0.10 mmag) for f < 30 d −1 is still 10 times higher than for f > 50 d −1 . A huge number of terms is necessary to reduce the amplitude spectrum of HD 50844 at the expected noise level. The peak height gets progressively lower after the identification of 500, 750, and 1000 terms (third, fourth, and fifth panels in Fig. 3 , respectively; see also the second column of Table 1 ), but the residual rms decreases very slowly (third column of Table 1 ). Again, many low-amplitude peaks are necessary to reduce the residual rms: after detection of 500 frequencies, other 500 frequencies with amplitudes between 0.06 and 0.03 mmag are needed to reduce the residual rms by a factor of 0.60%.
The distribution of the frequencies offers some clues about the nature of the signal. We calculated the distribution of all the frequencies, of the first 300 in order of detection and of those detected after the 300 th rank (Fig. 4) . The distribution of all the frequencies is almost flat in the 0-20 d −1 region, followed by a slow decline until 30 d −1 . This tail is absent in the distribution of the first 300 frequencies, and there is a sharp step at 20 d −1 . The 20-30 d −1 region is populated by the frequencies detected after the first 300.
It is worthwhile investigating how the detection of so many frequencies modifies the light curves. Figure 5 shows the light curve of HD 50844 at different stages of prewhitening. The multiperiodic nature of the original data (first panel) is obvious. For instance, the sine wave of the predominant frequency is almost cancelled by interference with other terms between HJD 2454159.5 and 2454159.6. Variability is still evident after removing 100 frequencies. This is an important step forward compared to previous ground-based and space observations. Also long-term oscillations are noticed at this level. After removing 250 frequencies, the residual light curve shows oscillations whose periods are around 0.05 d (∼ 20 d −1 ; third panel). After removing even more frequencies, the oscillations progressively become more rapid and periods about 0.03 d (∼ 33 d −1 ) are visible in the fourth and fifth panels of Fig. 5 . This is another reflection of the distribution tail observed in the third panel of Fig. 4 . It is quite evident that oscillations are still present after subtraction of 1000 terms. As shown in the last two columns of Table 1 , after 1000 frequencies the SNR is around 4.0 and the Spectral Significance parameter ("sig") of the SigSpec method is around 12.6. The former is considered the acceptance limit in the frequency search algorithms such as Period04, while the latter is still above the threshold of the SigSpec method, i.e., 5.46. In a conservative way, we decided to stop the frequency search at this point, as it becomes more and more difficult to resolve new terms within our frequency resolution.
We considered it important to check the reliability of the frequency values determined until here. To do so, we compared the results from SigSpec and from the iterative-sine-wave fitting, considering an error range of 0.005 d −1 in frequency (i.e., a width 3.4 times narrower than 1/∆T). The cross-checks show an almost complete agreement on the values of the first 500 frequencies: 498 frequencies were found by both methods, whose 438 (88%) have an amplitude within the 20% range of tolerance. In particular, both methods correctly identified the first 462 frequencies within an interval of few units of 10 −4 d −1 . These frequencies are listed in Table 2 , which is available in electronic form at the CDS. The solutions of the two methods slowly diverge in the 500-1000 th range because the differences will accumulate in the iterative process of the frequency extraction. Notwithstandining, the agreement is still satisfactory when considering all the 1000 frequencies: 953 were found by both methods, whose 805 with an amplitude within the 20% range. We also performed another independent check. We created two subsets by considering the first and the second halves of the CoRoT timeseries. Again, we found a strong match between the frequencies obtained from the two subsets. However, we had to take the degradation of the frequency resolution into account and Poretti et al.: HD 50844 : the new look of δ Sct stars from CoRoT space photometry , respectively. Such large fractions of coincident terms suggest that they are more likely intrinsic to the star rather than due to transient instrumental effects. It is possible that some of the lower peaks originate from changes in amplitude or phase, or from other effects intrinsic to the star. In any case, the main conclusion of our analysis and related checks is that hundreds of terms -at least up to 1000 -are needed to explain the light variability of HD 50844. The detection of so many independent terms in the light variability of a δ Sct star is a totally new result.
We also investigated the constancy of the highest amplitude terms, i.e., those listed in Table 3 . We subdivided the CoRoT timeseries into five subsets, each spanning 11.6 d, and we calculated a least-squares fit of each subset. The amplitude of the predominant term f 1 term is the most interesting to be investigated, since a low percentage of variability will immediately result in a detectable effect. The amplitude values span a full range of 0.10 mmag, with a formal error on each value of ±0.05 mmag. Therefore, the amplitude of the f 1 term can be considered constant. No significant amplitude variability has been detected in the other terms, except for f 6 , f 11 , and f 12 . These terms show evident amplitude and phase variations. This fact is a known effect induced by the interference of terms closer than the frequency resolution (Breger & Pamyatnykh, 2006) . A second investigation of the temporal behaviour of the amplitudes was performed using a time-frequency analysis (described in Baudin et al., 1994 ). This analysis is based on a Morlet wavelet with an adjustable frequency (and thus, time) resolution. If this resolution is greater than the frequency difference between two neighbouring terms, the power variation shows the beating described above. If the resolution is smaller than the frequency difference, the amplitude of the terms can be evaluated. We did not found any trace of variability of the amplitudes by performing this test on the terms considered above. The constant behaviour of the amplitudes is illustrated for the terms f 1 and f 4 in Fig. 6 : the small variations observed are compatible with the influence of the noise.
Linear combinations of the terms having the highest amplitudes are commonly found in multiperiodic radial pulsators (Cepheids, RR Lyr, high amplitude δ Sct stars), and are also observed in low amplitude δ Sct stars, e.g., FG Vir . In the solution of HD 50844 we find some frequencies with a high rank of detection that could be explained as a linear combination of a frequency with a low rank and the first, predominant term f 1 (Table 3) . However, we cannot rule out that these high-rank frequencies are actually independent modes, excited by resonance mechanisms or even intrinsically excited.
Ground-based observations

High-resolution spectroscopy: line profile variations
The spectroscopic observations were completed from January 2 to 28, 2007 with the FEROS instrument mounted at the 2.2-m ESO/MPI telescope, La Silla, Chile. The spectral resolution of FEROS is R ∼ 48, 000. We obtained 232 spectra in 14 nights. The exposure time was set to 900 sec and the signal-to-noise ra- tios (SNRs) ranged from 150 to 210. The spectra were reduced using an improved version of the standard FEROS pipeline, written in MIDAS and developed by Rainer (2003) . In addition to the individual line profiles, we considered the mean profiles computed using the least-squares deconvolution (LSD) method (Donati et al., 1997) . When calculating the LSD profiles, the spectral region between 4150 and 5800 Å was used, taking care to omit the intervals containing the H β and H γ lines. By calculating a single line profile with an average SNR of about 1200 for each spectrum, we increased the original SNR of the individual spectra by a factor of six. The mean barycentric radial velocity of the star is −10.8±0.2 km s −1 . We also derived a v sin i value of 58±2 km s −1 from i) the first zero-point position of the Fourier transform for the mean LSD profile and ii) a nonlinear least-squares fit of an intrinsic profile computed for the stellar physical parameters of HD 50844 convolved with a rotationally broadened one.
Before presenting the results of the frequency analysis, we clearly note that the shorter baseline of the spectroscopic observations (27 d) implies a frequency resolution worse than that of the CoRoT photometric data. The power spectrum of the line 
profile variations (LPVs) detected in the spectroscopic data is shown in the bottom panel of Fig. 1 . Since the observations are single-site, the spectral window is more complicated because of the presence of relevant aliases at integer values of d −1 from the real peak. These facts result in uncertainties on the amplitudes and on the reliable detection of the spectroscopic frequencies. Nevertheless, the study of the LPVs is of paramount importance for corroborating and complementing the photometric results, as suggested by the different appearances of the photometric and spectroscopic power spectra (Fig. 1, middle and bottom panels) .
The spectroscopic frequencies were searched for by analysing the LPVs by means of the pixel-by-pixel technique (Mantegazza, 2000; Zima, 2006) . Table 4 lists the terms detected in order of decreasing spectroscopic amplitude (in continuum units as defined by Zima, 2006) , which is a measurement of the contribution of the given term to the line profile variability. We detected 27 terms with an SNR higher than 4.0 and 3 terms with 3.1<SNR<3.5 (see Table 4 ). The three modes with 3.1<SNR<3.5 were also considered in the LPV analysis since they are associated with well-defined CoRoT frequencies. The spectroscopic frequencies were associated with the closest frequency detected in all the photometric solutions. In the few cases in doubt (4 out of 30), the term with the largest amplitude was preferred. This assumption did not modify the subsequent (l, m) identification since the amplitude and the phase diagrams did not appreciably change with the frequency used to fold the spectroscopic data. A different association with a photometric term would have modified the photometric amplitude, but this parameter cannot be used in the spectroscopic mode identification.
The mode identification was performed by fitting the amplitude and phase variations of each mode across the line profile (Mantegazza, 2000) by using the software FAMIAS (Zima, 2008) . The identified (ℓ,m) values are listed in Table 4 . In the (ℓ, m) couples, the negative m values indicate retrograde modes. Uncertainties are estimated to be ±1 for the degree ℓ and ±2 for the order m. They are larger in the cases of the modes f 12 and, in particular, f 22 and f 6 , since they are very close in frequency. Also the nonsignificant detection of f 11 is probably a problem related to the low resolution in the spectroscopic data. Mainly tesseral modes were detected, but also a couple of sectoral modes were found. This technique also returned a reliable estimate of the inclination angle, i.e., i=82±4 deg (Fig. 7) . Therefore, HD 50844 is seen almost equator-on. The associated equatorial rotational velocity is not significantly different from the v sin i value derived above. This particular orientation explains why only one axisymmetric mode (i.e., f 18 , Table 4 ) was observed: these modes produce marginal variations along our line of sight. An independent search for frequencies was performed on the timeseries defined by the 0 th (equivalent width, EW) and 1 st (radial velocity, v ) order moments. Since these quantities are integrated over the whole stellar disk, they are more sensitive to reveal low-degree modes. The amplitudes of the frequencies, detected in both moments by the Period04 (Lenz & Breger, 2005) method, are listed in Table 4 . We recover in the EW and v variations (bottom of Table 4 ) some of the terms with a large photometric amplitude that have been missed in the LPV analysis, because of their intrinsic low spectroscopic amplitude. Since Poretti et al.: HD 50844 : the new look of δ Sct stars from CoRoT space photometry , 7 they were detected in the first moments, we can speculate that it probably concerns low-degree modes.
The six frequencies detected in the EW variations correspond to six out of the seven first photometric frequencies. The term f 3 is probably missing because it is not well-resolved from f 2 and f 5 − 1 d −1 . The correlation between the terms found in the 1 st moment and those detected in the CoRoT photometric data is not as clear as in the case of the 0 th moment. We note that the frequency 13.85029 d −1 =2 f 1 was detected in the pixelto-pixel variations (Table 4) . Does it really concern the first harmonic of f 1 or is it an independent mode excited by resonance? We tested the hypothesis following the method described by Telting & Schrijvers (1997) , which states that a frequency is a first harmonic if the phase difference ψ 01 = 2ψ 0 − ψ 1 between the line-centre phases of the two frequencies is 1.50 π rad. Because we measure ψ 01 = 1.58 π ± 0.19 rad, we conclude that 13.85029 d −1 is indeed the first harmonic of f 1 . The main goal of the spectroscopic observations is to answer the crucial question about the huge number of frequencies detected in the CoRoT photometric data: is the large number of photometric terms related to the visibility not only of lowdegree modes but also of high-degree modes? To investigate this we focus on the mode identification results, as derived from the high-resolution data, presented in Table 4 . In Fig. 8 we plot the identified degree ℓ in function of order m. This figure shows that the high-degree modes also tend to have a high order m. The highest detected degree is ℓ = 14. This observational fact tells us that we have at least 235 possible modes of pulsation for a given radial order n. A few different radial orders are sufficient for explaining the 1000 frequencies detected in the CoRoT photometric timeseries of HD 50844. On the other hand, we know from CoRoT photometry that the frequency values higher than 30 d −1 are observed after the 300 th rank of detection, i.e., with very low amplitudes. The observed spectroscopic frequencies have f <20 d −1 . We still miss the spectroscopic counterpart of the 20 < f < 50 d −1 region. Such a region could be filled by modes with high radial orders n, which are shifted toward higher frequencies than those of the low orders.
The excitation of the almost totality of the modes allowed within a narrow radial order interval and its possible extension to a wide range of radial orders can explain the presence of 1000 terms in quite a natural way. In either case, we can state that the huge number of photometric terms are plausible since the spectroscopic data are confirming that we are observing modes with high (ℓ, m) values. In turn, this means that the cancellation effects for modes up to ℓ ∼ 14 are not working and that these modes are able to produce a net flux measurable at the 10 −5 mag level.
High-resolution spectroscopy: abundance analysis
In addition to the LPV analysis, the FEROS spectra were used to determine the abundances of the elements. The atmospheric models were computed with the line-blanketed LTE ATLAS9 code (Kurucz, 1993) , which handles line opacity with the opacity distribution function. The synthetic spectra were computed with the SYNTHE code (Kurucz, 1993) . The stellar-line identification and the abundance analysis were performed on the basis of the VALD lines list (Kupka et al., 2000) . The mean LTE abundances log ǫ(El) (by convention, log ǫ[H] = 12), along with the uncertainties determined as σ = σ 2 T + σ 2 log g are reported in Table 5 . The atmospheric parameters T eff = 7400 K, log g = 3.6 and ξ = 2 km s −1 were adopted. To determine the uncer- tainties connected with effective temperature and surface gravity, we calculated the abundances for atmospheric models with T eff = ± 200 K and log g = ± 0.2.
As a general result, HD 50844 is a slightly metal-deficient star. However, Table 5 shows how the abundances of elements as C, N, and S in the HD 50844 atmosphere are very similar to Table 5 . Mean LTE abundances log ǫ(El) along with the uncertainties, σ, with solar abundances determined by Grevesse et al. (2007) . those of the Sun, while other elements are underabundant (see also Fig. 9 ). Such an abundance pattern is typical of λ Boo stars (Paunzen, 2004) . With respect to the claimed spectroscopic binarity of these stars (Gerbaldi et al., 2003) , we did not find any evidence of a second component in the FEROS spectra, and we did not detect a long-term radial velocity drift that could be ascribed to an orbital motion.
Multicolour photometry
The importance of colour information to estimate the degree ℓ of the modes is well-known (Garrido, 2000) ; therefore, we observed HD 50844 in Stromgren uvby photometry to accompany the CoRoT white-light photometry. Several campaigns were carried out at S. Pedro Mártir and Sierra Nevada observatories, using twin Danish photometers. The multicolour observations span 743 d. The campaigns started when the IR01 pointing was decided and continued after the CoRoT observations. The final uvby dataset consists of 1496 datapoints, collected in 66 nights for a total survey of 317.4 hours. Unfortunately, the space and ground-based observing windows are not simultaneous. The spectral window of the ground -based data is characterized by several alias peaks (at integer values of d −1 and ys −1 of the central peak) and the true peaks could only be identified knowing the CoRoT solution. We considered the first 20 CoRoT frequencies and refined their values by performing a least-squares fit of the data in the v colour, i.e., the one with the largest amplitude. This step was necessary since the time baseline of the uvby data is much longer than that of the CoRoT data. The first 13 frequencies resulted in a significant v-amplitude. The v−amplitude of the f 1 term is 22.2±0.3 mmag, while those of the others are much lower (e.g., 8.0 mmag for f 2 and 1.70 mmag for f 13 ).
We calculated the amplitude ratios and the phase shifts by using the y colour as the reference system (Garrido, 2000) . They were compared with the theoretical predictions computed using the non-adiabatic pulsational code GraCo (Moya & Garrido, 2008) . The immediate result is that the predominant term f 1 =6.92 d −1 is characterized by positive phase shifts (i.e., φ u,v,b − φ y > 0.0). This puts a very tight constraint on the mode identification, since only the radial (ℓ=0) mode shows positive phase shifts in the φ b − φ y case (Fig. 10) . On the other hand, the comparison between the observed and the calculated values does not supply conclusive mode identifications in the cases of the other terms.
To further investigate the f 1 mode identification, we note that the harmonics 2 f 1 = f 29 (amplitude 0.56 mmag) and 3 f 1 = f 215 (0.12 mmag) have been detected in the CoRoT data. The observed values differ from the exact multiples of f 1 by 3 × 10 −4 and 1 × 10 −3 d −1 , respectively. Both the φ 21 =4.04 rad and the φ 31 =2.11 rad Fourier parameters are very similar to those observed in high amplitude δ Sct stars (Figs. 4 and 5 in Poretti, 2001 ), known to pulsate in the fundamental (rarely in the first overtone) radial mode. Identification of f 1 as a radial mode is also consistent with being the highest amplitude term both in radial velocity and in equivalent width. Although a nonradial mode could display such large variations, such variations are usually connected with the large displacements typical of radial modes. The mode identification of the f 1 term from the spectroscopic data was not trivial since we had to take the harmonic 2 f 1 and the EW variations into account. The FAMIAS method returns two possibile (ℓ, m) couples, i.e., (0,0) and (2,0). When considering both the spectroscopic and the photometric identifications, we can consider the f 1 term as the fundamental radial mode.
The seismic inferences
The discussion of the number of excited frequencies in δ Sct stars has followed a particular pattern. At the beginning of the observational efforts to discover as many modes as possible (Poretti, 2000; Breger, 2000) , the number of detected frequencies was less than expected and a kind of selection effect in exciting modes/damping amplitudes was claimed (Guzik et al., 2000 , and, more recently, Breger et al. 2008 ). Garrido & Poretti (2004) suggest that the problem was mainly of an SNR nature. They stressed how the number of detected terms in the science case of FG Vir follows an exponential behaviour as a function of the observational technique used, namely from single-site observations in a few nights to multisite observations in several years. In a certain sense, they correctly predicted that a long-term, highprecision space mission as CoRoT would allow access to the distribution of the amplitudes down to 10 −5 − 10 −6 mag, allowing the harvest of a multitude of modes. That the distribution of the frequencies is quite uniform in the 0-20 d −1 region (Fig. 4 ) implies that modes are excited at lower frequencies than that of the fundamental radial mode, i.e., f <6.9 d −1 . The peaks with f < 3 d −1 can be enhanced by an incomplete removal of the instrumental drift. The spectrum of HD 292790 (Fig. 3, top panel) shows a noise level below 0.05 mmag in this region and therefore this contamination should become important only after the 600 th frequency (see Table 1 ). We can argue from the CoRoT timeseries on HD 50844 that gravity and mixed modes are quite common in δ Sct stars.
The frequency set obtained from the CoRoT timeseries of HD 50844 allows us to investigate the problem of the regular spacings in the frequency spectrum of δ Sct stars. There have been several claims that such spacings will be modified by nonlinear effects and mixed modes, especially in evolved stars (Christensen-Dalsgaard, 2000; Goupil & Dziembowski, 2000; Guzik et al., 2000) . This hint is confirmed by the frequency spectrum of HD 50844, which does not supply any reliable indication of the regular spacings detected in solar-like pulsators (e.g., Michel et al., 2008) .
As a first attempt to model the scientific case of HD 50844, equilibrium models representative of the star have been calculated with the evolutionary code cesam (Morel, 1997) , taking first-order effects of rotation into account. Such models (the socalled pseudo-rotating models) include the spherically averaged contribution of the centrifugal acceleration by means of an effective gravity. The nonspherical components of the centrifugal acceleration (not considered in the equilibrium models) are included in the adiabatic oscillation computations by means of a linear perturbation analysis (Suárez et al., 2006) . Figure 11 shows the models within the uncertainty box in T eff and log g. The models, evolved considering the local conservation of the angular momentum, are able to return a surface rotational velocity around 60 km s −1 (i.e., the value obtained from v sin i taking i = 80 deg as suggested by the analyses of the the line profile variations) starting from a value of 75 km s −1 on the ZAMS. We can also compute the fundamental radial mode of our models using the code GraCo (Moya & Garrido, 2008) : the darker box in Fig. 11 marks the cases matching the observed value f 1 . When considering the slightly metal deficient content of HD 50844, we can argue that the models suggest a mass between 1.65 and 1.80 M ⊙ .
Conclusions
The exploitation of the CoRoT photometric timeseries of HD 50844 resulted in a very complex and intriguing task, also giving a completely new picture of the pulsational content of δ Sct stars. We demonstrated that the light curve of HD 50844 can be explained by the presence of hundreds of excited terms. Classical checks such as using different software packages, subdividing the timeseries into different subsets, carefully inspecting the residuals, and comparing with other similar targets observed by CoRoT, together confirm this issue. High-resolution spectra support the excitation of modes having a very high degree ℓ (up to ℓ=14), thus providing an observational explanation for the richness of the frequency spectrum. Such a large number of modes of different ℓ simultaneously excited is among plausible features suggested by theoretical works (e.g., Balona & Dziembowski, 1999 ). An immediate conclusion is that the cancellation effects are not sufficient in removing the variations of the flux integrated over the whole stellar disk; Daszyńska-Daszkiewicz et al. (2006) correctly predicted this extension to high degrees of the modes extracted from high-precision photometric timeseries. We should keep in mind that the CoRoT performances and the continuous monitoring allow detection of amplitudes of about 10 −5 mag without significant aliasing effects, which is a totally new perspective. The case of HD 50844 seems to match the theoretical picture featuring a very large number of excited modes with amplitudes limited by a saturation mechanism of the κ mechanism. This confirms that the observation of δ Sct stars with CoRoT will allow us to address the longstanding problem of amplitude distribution and the potential existence of mode selection processes in the δ Sct instability strip. We note that HD 50844 probably does not constitute a "standard" scientific case of a δ Sct star, because it is located on the TAMS, probably belongs to the class of λ Boo stars (i.e., showing atmospheric particularities), and it is seen almost equator-on. Nevertheless, seismic models that were able to reproduce the position of HD 50844 in the HR diagram and its measured rotational velocity were calculated.
HD 50844 has for the first time disclosed the intrinsic complexity of frequency spectra of intermediate-mass stars in the lower part of the instability strip. It is quite evident that, after these first CoRoT observations, we must look at δ Sct stars in a completely new way. We have to realize that ground-based observations were only able to observe the tip of the iceberg, while the larger part of the modes have remained undetected.
